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* Cells + Cell selection
* Biomolecules * Proliferation
+ Biomaterials q a * Differentiation

* Hanging-drop

= Cell sorter
« First (Scaffolds) X N5 = Encapsulator

* Second (Tissue Spheroids) » Bioprinter
* Third — Hybrid (TS+S) * Bioreactor
___*» Microfluidics devices

* Optmization

4 » Interoperability
nformation - Design and blueprint
» Additive manufacturing

8 Dernowsek et al., 2017
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O que é Bioimpressao

Biofabrication
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" Etapas da Bioimpressio

i Today

wd Virtual Physical

E& " |Acquisition of BioCAD - Design 3D Bioprinting Post processing
v 3D patient Bioreactor




Etapas da Bioimpressdo com estudos prévios in silico
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O questio Bioinks (biotintas)?

AT N
b Bioink / Biotinta
PR “Uma formulacao de células para processamento utilizando uma tecnologia de
g ) biofabricacdo automatizada que também pode conter componentes biologicamente
'y ¢ g ativos e biomateriais”
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Bioimpressoras — tecnologias existentes

(a) : . (b) , . - (c) :
Inkjet printing Micro extrusion printing Laser-induced forward
: : transfer
thermal piezoelectric pneumatic piston screw
qgy absort Iy

"%, Yi-Chen Li et al, 2016
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. Motivacao

Medicina

\ Regenerativa "

Biofabricacdo de
tecidos

sign of

Teste de cosméticos



Complexidade e Desafios da 4rea

Integracéo de areas




Complexidade e Desafios da 4rea

Cell source Novel chemistries

Genetic tools Progress in tissue

engineering Biomechanics

Cells . Extrusion-based Inkjet-based Laser-assisted
B ( bioprinting bioprinting bioprinting
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Realidade x Futuro
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: . Aplicagdes da Bioimpresséo

Tomorrow In the future

Bioprinting of Bioprinting of Bioprinting of
tissues for tissues for
Education g e Medicine

organs for
transplantation

To replace

organs and

tissues that
suffered
ETNET[ETS

Drug ' Cosmetics

testing AASUUWLIECEN  testing Medicine 4.0
the use of

animals : ..
R ) Towards personalized medicine
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. Desafios

Desafios
e Tecnoldgicos
]

: '.. : BioCAD/Blueprint;

i) Software;

v Bioimpressora;
Biorreator;
Interoperabilidade;
Escalabilidade.

"0. ). Modelagem bioldgica/BioCAE;
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BioCAD

X \‘ BlomD/BIueprlnt

Desafios
Bioldgicos

Biologia celular;

Modelagem da MEC;

Redes regulatdrias funcionais
Estimulos bioldgicos (fatores
de transcricao, epigenética,
microRNA...);

Vascularizacao.

Desafios
Quimicos, Fisicos e
de Materiais

Estimulos quimicos para a
proliferacao e diferenciagao
celular;

Biomateriais, materiais
sintéticos e semi-sintéticos;
Estimulos fisicos para
modelagem tecidual.

Desafios
éticos e de
regulamentacao

Bioética;

Regulamentacdo dos tecidos
bioimpressos;
Regulamentacdo da segurancga
dos protocolos de pesquisa.




w " Projetos desenvolvidos no Brasil e no
. mundo sobre bioimpressio de

tecidos
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Missao

Pesquisar, desenvolver, utilizar
e difundir tecnologias
tridimensionais (virtuais e
fisicas), com foco na inovagéo
e aplicacoes multidisciplinares
orientadas pela sociedade
Parceiros

 Industria (ProIND)
Hospitais (ProMED)
Universidades (ProEXP)

TECNOLOGIA

Servigcos tecnolégicos
Solugdes

Recursos financeirgs_',

Novos
desenvolvimentos

Novos
desenvolvimentos Apoio e cooperacdo

Publicagdes
CIES - o= .- | Universidades
Apoio tecnoiogias 3D
Solugdes y

InVesa‘llus em ! paises

~ Maisde1500casos
Novas empresas e servicos
Mais de 100 hospitais

Hospitais
Clinicas




Impressao 3D: Conceitos

i

g
PR

Definicao de Impressao 3D ou Manufatura Aditiva (MA):

Conjunto de Tecnologias Aditivas Baseado na Construcao por Camadas



Tecnologias de Impresséo 3D

EBM (Electron Beam Manufacturing)




Tecnologias de Impresséo 3D
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Tecnologias de Impressio 3D




' Trabalhos desenvolvidos no CT)

&
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uh Hidrogéis

"*',“:'- ! « Alginato + CaCl2 *  Pluronic

BN + Colageno — Gelatina + GelMA

N3 M «  Agar

i d

TAY S

o

g Bioimpressao de células em Hidrogel estruturado

" (suporte).

[} ,\;.‘::.'.3;:.

R,
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F yRd)
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I .‘0 Producao de scaffolds rigidos utilizando
B}

“.¢w  biomateriais e materiais sintéticos biodegradaveis.

iy

' e PCL « PCL + Licopeno
%+ PLA -« PCL+

: .‘it." - PHB « PHB + B-TCP
:.,,y‘eff-f‘.;; « Biovidro « PLLA

. '...:'o: « B-TCP - PU

Wy« PCL + Biovidro + HA



Medical Imaging
Anatomical modeling
and customization

Orthoses \6:% @ qg

Prostheses Surgiical Guides




O wuso da bioimpressio na Oftalmologia

ADVANCED

%' FULL PAPER L S ARE
: . e ("' 3D Bioprinted Corneal Endothelium www.advhealthmat.de

' ,* Ex Vivo Functionality of 3D Bioprinted Corneal Endothelium
«»!'  Engineered with Ribonuclease 5-Overexpressing Human
& Corneal Endothelial Cells

¥, Kyoung Woo Kim, Soo Jin Lee, Soo Hyun Park, and Jae Chan Kim*

o

3
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" =00 : : = 719 Y

$ Cell seeding on lyophilized AM y f 5%

wiay:  Live/Dead cell analysis 39
:;....-.,c.’; 2 4



" Ouso da bioimpressio na Oftalmologia

o o foi preservada por 10 dias antes do
transplante em coelhos e manteve a
sua clareza. Apds 2 semanas
RS5-Graft Control do procedimento
cirdrgico a transparéncia da cérnea
comecou a melhorar nos olhos do
zrupo com a membrana bioimpressa e
alcancou completa clareza depois de 4
semanas, sem inflamacao.

4 week

A

Embora os olhos do grupo controle
também tenham mostrado melhora
na transparéncia da cornea apos 4
emanas foi inferior ao visto nos olhos
lo grupo bioimpresso. Especialmente,
a claridade da cérnea que apresentou
aspecto semelhante ao da cornea
normal, enquanto o da cornea do
grupo controle ainda era muito
edematosa

Iw

4 week
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" Bioimpressdo de Estroma Corneano humano

b g Os pesquisadores usaram um modelo virtual 3D humano e uma estrutura
. o

] de suporte adequada para a bioimpresséao.

Modelo virtual 3D da c¢ornea

'L"_. (S
w}.'.‘-"f";; P—
Ad : o :
p;'.ﬁ;g:l"; Isaacson Al, Swioklo S1, Connon CJ2. 3D bioprinting of a corneal stroma equivalent.

W Exp Eye Res. 2018 May 30;173:188-193.



Bioimpressdo de musculo esquelético humano

Pesquisadores da Escola de Medicina Wake Forest
Hidrogel misturado com células progenitoras do musculo humano (hMPC),

Hidrogel de gelatina,

Polimero sintético biocompativel e biodegradavel para um suporte (PCL) externo.

n 2N ITAD sustam

A Design of 3D CAD model B Motion program -
Bioimpresso

generation " Computer Nao Bioimpresso

system & CA
software
" D l
Green: PCL
White: MPCs/fibrin
Blue: gelatin

Cross-sectional view

D Printing process

| V

ey | Laminin (green), a-SA (red), DAPI (blue)

[ ;

MPCs/fibrin

Gelatin




Bioimpressio 3D multicelular usando microfluidica para a
\ engenharia de tecwlo cardiaco vascularizado

( (@) Geometry () | Explants || | Vessels |
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S ||} 2= multicelulares, compostas de:
=
ki células endoteliais da veia
g umbilical humana (HUVECS)
[ cardiomidcitos derivados de
-« células pluripotentes induzidas
g | (iPSC - CMs ).
; -
©) hidrogel contendo alginato e
B polietileno-glicol
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Handheld 3D printer
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http://www.youtube.com/watch?v=iTQFcm9OjCA
http://www.youtube.com/watch?v=iTQFcm9OjCA
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. Biomodelos Preditivos
. Frameworks / Blueprint / BioCAD

0

NG Machine Learning

Machine learning and Simulations

3D Tissue

‘Iissuc phenomies
Biomodels

Framework \

Desenvolvimento do
tecido dsseo,
Cartilaginoso

Tecido corneano
Muscular,

Hepatico,
Cardiovascular

Blueprint / BioCAD



Circadian
rhythm

MODELS: 3

‘:".. Cell cycle

£ L regulation
w MODELS: 44
Epigenetics
MODELS: 2

Metabolism
MODELS: 121

Organismal
processes
MODELS: 71

Transcriptional
regulation
MODELS: 34

Transcription
MODELS: 0

Translation
MODELS: 1

(OOften modeled
(ORarely modeled
(Z)Uknown

A blueprint for human whole-cell modeling Szigeti et al, 2018.

A habilidade de reproduzir
as caracteristicas
funcionais e morfologicas
de estruturas bioldégicas em
um modelo virtual ffisico.



Por que Simular na Biofabricagfio e Bioimpressio?

Organism scale

(Meters - Centimeters)

« Finite Element,

« Computational Fluid Dynamics

+ Multi Agent Systems

- Spatial Compartiments and Projections

Years

Tissue scale

(Centimeters)

« Multi Agent Systems

+ Noble model, CPM- GGH

- Finite Element,MSNS method

« Ising models, Potts model

« Spatial Compartiments and
Projections

Days - Weeks

Tissue or Organ
Fusion, maturation,
shear stress, flow rate
-inlet and outlet-,
waste products, pH

3D Bioprinting

BioCAD, BioCAM,
Bioprinter,
biopaper, bioink

Cellular scale

* Agent-based modeling

* Lattice Boltzmann

* Monte Carlo model

* Cellular Automata

* CxA multi-scale method

Hours - Days

Tissue spheroid
Stem cells, cell isolation
and proliferantion,
cell fate specification,

Extracellular scale

(Micrometers)

« Partial differential equations
« Convective—diffusion models
« Noble model, Fenton-Karma model,
- Fitzhugh-Nagumo, Hodgkin-Huxley

Minutes

Cell culture
environment

pH, temperature, osmotic
pressure, culture medium,
sterility, cytokines/hormones

Biofabrication

Intracellular scale

(Micrometers - Nanometers)

- Ordinary Differential Equations
* Stochastic DIfferential Equations
* Quasi-continuum method

+ Convective—diffusion models

Seconds

Molecular scale
Biomolecules, genes,

transcription factors, miRNAs,

proteins, 02, drugs
and other molecules

Dernowsek et al., 2017



Biomodelos Preditivos de Fenémenos Biolégicos

v ¢/ . O que podemos simular:

wt I« A proliferagdo celular
L)

.‘ " . . ~
"p‘.' - A diferenciacéo celular
« A migracao celular
s, « A apoptose celular
wiy ¢ A sinalizacao intra e extracelular
pin ey
P oo
0
'.o...o“;. ' ".

p ".';' . . . . ~
| ﬁ Quimiotaxia - mudanca de orientacao de

+'¢ celulas em resposta a um estimulo quimico

)
} 2

. Esferoide de Células Endoteliais



Biomodelos Preditivos de Fendmenos Biolégicos

VEGF dissolvido
no meio - estimulo

Células endoteliais
(in silico) = 500 células

Células c'ndoleliais de
corddo umbilical - 500

Fibroblastos - 500

100um




Biomodelos preditivos para a Biofabricacio e Bioimpressio

'/ Comportamento Celular \

e Bioquimico Simulado
O
AR « Proliferagao celular
.99 : 3
"y « Vascularizacao
'o..‘ ‘g « Difusao molecular
* \_ * (VEGF e Nutrientes) )
".;\3'"'""5“‘.'

P "g; Esferoides

l..o.‘-'. " "'G.

""‘.,5',‘ @ Células proliferativas = Células tronco
)"~;~I‘f,'él

: "'

L

. Células Endoteliais - vascularizagéo
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Por que ainda nfio temos érgéos funcionais
“bioimpressos™?

Integration Engineering x Life Sciences;

To understand the regulatory networks of cells and tissues;
Development of new “Blueprint/BioCAD" for bioprinting;
Development of scalable technology for biofabrication millions
uniform tissue spheroids;

Development of integrated operational system integration of the
bioprinters (special software-hardware);

Development of new bioreactor;

Development of in situ bioprinting;

Development of bioprintable biomaterials;

Laws and regulations — * Safety + Security




http://www.biofabricacao.com
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e Article

‘4.1 Posttranscriptional Interaction Between miR-450a-5p and miR-
ol 28-5p and STATT mRNA Triggers Osteoblastic Differentiation of

) .
MU
W Human Mesenchymal Stem Cells
&)
‘: Janaina A. Dernowsek, Milena C. Pereira, Thais A. Fornari, Claudia Macedo, Amanda F. Assis,

Paula B. Donate, Karina F. Bombonato-Prado, Maria Rita Passos-Bueno, Geraldo A. Passos B2
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Methodologies
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Assays functional Interaction network miRNA-mRNA
Controle Algoritmo GenMir ++ e Cytoscape
= Icn d:m:as RNA
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W2 Viability assay
y | Proliferation
) MTT

Luciferase assay

! DD |
Alkaline — Immunohistochemistry n
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staining " ; o I B

Validation of the interactions of
miR-450a and miR-28-5p and mRNAs (BMP6, STAT1)

A
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Agilent Technologies

»

Whole-human
genome microarray
(4x44K formato)

MiRNA-microarray
(8x15K formato)

!/g GeneSpring

Analise Estatistica

Escaneamento
(Feature Extration)



Results
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haa-miR-20a
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sa-miR-301a
sn-miR-15b

sa-miR-136-3p
sa-miR-98
hsa-miR-130b
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hsa-miR-101
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hsa-miR-154-3p
hsa-miR-185
hsa-miR-21
hsa-miR-337-5p
hsa-miR-28-5p
sa-miRk-485-3p
su-lel-71
hsa-miR-151-3p
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hsa-miR-450-5p
hsa-miR-99b
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Immunolocalization of alkaline phosphatase (ALPL) and
osteocalcin/BGLAP (OC) protein in SHED cells
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Wester blot 2 ALPL — miR-450a-5p

- Expression of alkaline phosphatase

(ALPL) protein in SHED cells
subjected (or not) to osteoblastic
induction as analyzed by western
blotting.

SHED cells were cultured in control
medium (CMD) or in induction medium
(IMD) during 14 days and transfected
(or not) with miR-450a-5p mimic.

Western-blot for ALPL or for GAPDH
(used to normalize data). Bar graphs
resulted from quantification of western-
blot bands show the effect of miR-
450a-5p mimic transfection on ALPL
expression..
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(* p< 0.05, ** p<0.01, *** p < 0.001).
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